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ABSTRACT 



The Fermi observatory is advancing our knowledge of Gamma-Ray Bursts 
(GRBs) through pioneering observations at high energies, covering more than 7 
decades in energy with the two on-board detectors, the Large Area Telescope 
(LAT) and the Gamma-ray Burst Monitor (GBM). Here we report on the obser- 
vation of the long GRB 090217A which triggered the GBM and has been detected 
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by the LAT with a significance greater than 9 a. We present the GBM and LAT 
observations and on-ground analyses, including the time-resolved spectra and 
the study of the temporal profile from 8 keV up to ~1 GeV. All spectra are 
well reproduced by a Band model. We compare these observations to the first 
two LAT-detected, long bursts GRB 080825C and GRB 080916C. These bursts 
were found to have time-dependent spectra and exhibited a delayed onset of the 
high-energy emission, which are not observed in the case of GRB 090217A. We 
discuss some theoretical implications for the high-energy emission of GRBs. 



Subject headings: gamma rays: bursts 
synchrotron 



GRB 09021 7A - radiation mechanisms: 



Introduction 



Gamma-Ray Bursts (GRBs) are the most extreme eve nts in the Universe, an d have 
fascinated astronomers since their discovery forty years ago (IKlebesadel et al.lll973l ). Until 
2008, only a small fraction of GRBs had been detected at energies above the MeV region 
(Hurley et al. 1994, Gonzalez et al. 2003, Giuliani et al. 2008). The Fermi Gamma- 
ray Space Telescope was launched on June 11, 2008, and provides unprecedented energy 
coverage and sensitivity for the study of high-energy e mission in GRBs. It is composed of 
two instruments: the Gamma-ray Bu r st Mo nitor (GBM) iMeegan et al.l (120091 ) and the Large 
Area Telescope (LAT) lAtwood et al.l (120091 ). The GBM monitors the entire unocculted sky. 
It covers four decades in energy through the combination of 12 Nal and 2 BGO scintillation 
detectors, which are sensitive in the energy ranges 8 keV to 1 MeV and 150 keV to 40 MeV, 
respectively. The LAT is a pair conversion telescope which consists of 4 x 4 arrays of 
silicon strip trackers and cesium iodide calorimeter modules covered by a segmented anti- 
coincidence detector designed to efficiently reject charged particle background events. The 
energy coverage of the LAT instrument ranges from 20 MeV to more than 300 GeV, with a 
field of view of ~2.4 sr at 1 GeV. 

After 18 months of operations, the LAT instrument has detec ted 15 GRB s at ene rgies 
above 100 Me V, including t wo sho rt burstfl After GRB 080825C IXbdo et al.l J2009bh and 
GRB 080916C Llbdo et al.l (l2009ah . GRB 090217A is the third long burst which was firmly 
detected with the LAT above 100 MeV after triggering the GBM. Section [2] addresses the 
detection and localization of this burst, and presents the light curves from both instruments. 



1 See the LAT GRB table: http://fermi.gsfc.nasa.gov/ssc/resources/observations/grbs/grb_table 
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The joint spectral analysis is described in section [3] In section 0] the results are discussed 
in the context of other LAT-detected long GRBs and current theoretical models, and our 
conclusions are given in section [5J 



2. GBM and LAT observations 
2.1. GBM observations 

At 04:56:42.56 UTC on February 17' h 2009 (T n ), the Fermi GBM triggered and lo- 



cated GRB 090217A (trigger 256539404 / 090217206) Ivon Kienlin I (12003 1. This bright, long 
GRB was detected by Nal detectors numbers 6 to 11 which are located on one side of the 
spacecraft. Four of these detectors exceeded the threshold and the GBM triggered on 256 
ms timescale in the energy range 50 to 300 keV. The BGO detector located on the same 
side, Bl, detected emission up to ~1 MeV. In fact, the emission from GRB 090217A was so 
intense that it was detected through the spacecraft by most of the Nal detectors and indeed 
the BGO detector (B0) on the opposite side. 

The angle of GRB 0902 17A to the LAT boresight was 35°, placing this bright, hard 
event firmly in the field of view. The GBM on-ground localizati on reported by von Kienlin 



(2009) was unusually far (~9°) from the early LAT localization lOhno et al.l (|2009aJ). How- 
ever, this was improved upon using a response table for spectrally hard, bright bursts such 
as GRB 090217A which also accounts for saturation events. The final GBM position is (RA, 
Dec) = (205.5°, —6.0 ° ) with a statistical error of ~1° and a standard systematic uncertainty 



of 2°-3° iBriggs et al.l (120091 ) . and is consistent with the LAT position. 



The light curves from the GBM and LAT are shown in Fig. [TJ sorted from top to bottom 
in order of increasing energy. The first two panels display the background-subtracted light 
curves for the Nal and the BGO detectors. The first panel shows the sum of the counts of 
the three Nal detectors (N6, N8 and N9) with the strongest signal in the 8-260 keV band. 
The second panel shows the corresponding plot for the sum of both BGO detector counts, 
between 260 keV and 5 MeV. GRB 0902 17A features a structured light curve in the GBM 
energy band, with one major peak with substructures and many overlapping pulses. The 
burst duration estimates for the 8 keV to 1 MeV range are T 90 =32.8 s, and T 50 =11.3 s. The 
LAT light curves in the last three panels are described in section 12.2.21 
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2.2. LAT observations 



2.2.1. Detection and localization 



GRB 0902 17A did not trigger the LAT onboard detection algorithm and was found 
through a blin d search in the LA T data by the on ground Automated Science Processing 
(ASP) pipeline Band et al.l (120091 ) . Subsequently and independent of the ASP analysis, the 
detection was confirmed by searches of the GBM location. The first st ep of this stud y is se- 
lecting the LAT events belonging to the so-called 'TRANSIENT' class JAtwood et all J2009I ) 
of the 'P6_V3' analysiqj. This selection provides a large effective area with a reasonable 
background rate adapted for burst detection and localization. 



The unbinned likelihood method for localization makes use of the LAT Point Spread 
Function (PSF) on an event by event basis. The instrument response functions (IRFs) have 
not been validated below 100 MeV, thus we restrict this analysis t o be above this spe ctro- 
scopic threshold. Following the methodology described in detail in lAbdo et al.l (J2009bl ). we 
computed the LAT position of GRB 090217A using the map of the Test Statistics (TS), 
considering all TRANSIENT events recorded above 100 MeV between T and T +37.5 s in a 
region of 15° centered on the final GBM position. GRB 090217A occurred at a relatively high 
Galactic latitude (6~53°), thus the Galactic emission contributes only a few percent of the 
total background. Therefore, only an isotropic component, largely residual charged-particle 
events, was included in the background model. 

To compute the detection significance and the localization error, the TS values are in- 
terpreted in terms of the x 2 distribution with two degrees of freedom. The best fit position 
is found to be (RA, Dec) = (204.73°, —8.43°), which is 0.17° away from the early localization 
Ohno et al.l (j2009al ). with a TS max =89 corresponding to a 9.2 a detection. The TS contours 
around this position yielded the 68%, 90% and 99% stati stical error radii, respectively of 
0.37°, 0.54° and 0.80°. As explained in lAbdo et al.l ( J2009bl ). the relatively small inclination 
angle of GRB 090217A in the LAT field of view implies a negligible systematic error (<0.1°). 



We also searched for a temporally extended e mission abo v e 100 MeV, as observed in 
other LAT l ong br ight bursts, e.g. GRB 0809 16C lAbdo et al.l J2009ah and GRB 090902B 
Abdo et al.l (J2009d ). This unbinned likelihood analysis is based on the LAT even ts belonging 
to the so-called 'DIFFUSE' class, which is suited to searches on longer time scales I Abdo et al. 



2 http://www-glast. slac.stanford.edu/software/IS/glast Jat_performance.htm 



f l2009bh . GRB 090217A remained within 60° from the LAT boresight until T +500 s, but 
no additional signal was found by this time. Finally, despite Swift Tar get of Opportu nity 
observations of the early LAT localization, no X-ray afterglow was found iGodet I (120091 ) and 
hence there is no redshift available for this burst. 



2.2.2. Count light curves from energy- dependent spatial event selections 

Unlike the unbinned likelihood analysis, the joint GBM-LAT spectral study and the 
study of the burst temporal profile in the LAT do not make use of the LAT PSF on an event 
by event basis. In these analyses, an increased signal-to-background ratio is obtained for the 
LAT by selectin g the events i n a reg ion of interest (ROI) centered on the final LAT position. 
As described in lAbdo et al.l (j2009bl ). its size (troi) is energy dependent, and is obtained as 
the 95% containment radius of the LAT PSF added in quadrature to the LAT localization 
error. 

We split the LAT TRANSIENT events into 'FRONT' and 'BACK' data sets, respec- 
tively including the events which converted in the upper and lower part of the tracker, thus 
with different PSF widths (lAtwood et al.l 120091 ) . We used a maximum size r^^=l0°-12° for 
these two conversion types, which makes the size of the ROI saturate between 100 MeV and 
200 MeV in both cases. All events resulting from this selection process are shown in the 
last two panels of Fig. [TJ The events above 100 MeV will be used for the joint GBM-LAT 
spectral analysis in section [31 They are displayed in the last panel along with their energies 
as a function of time. A 447 MeV event is detected at ~T while the LAT event with the 
highest energy (866 MeV) arrives at T +14.8 s. Additional events are recorded up to ~30 s 
after the trigger time. 



The study of the temporal profile of the LAT emission which is discussed in section H] 
requires good photon statistics. In the case of GRB 0902 17A, this can be achieved by includ- 
ing events recorded at lower energies, i.e. the 27 T RANSIENT events above 50 MeV which 
are displayed in the fourth panel of Fig. [TJ As in (jAbdo et al.l l2009bl ) , the expected num- 
ber of background events is computed by a procedure developed by the LAT collaboration 
to quantitatively estimate levels of residual charged-particle backgrounds. This estimator 
was found to provide accurate values of the TRANSIENT background level above 50 MeV 
within a 10%-15% systematic uncertainty. The computation of the probability that the 
observed number of counts is due to a background fluctuation is performed in a frequentist 
way, with a semi Bayesian treatment of the systematic uncertainty. The time history of the 
corresponding cumulative significance for the gamma-ray signal is shown in Fig. [2J 
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As in lAbdo et al.l (120 10f ). we also used a relaxed event selection, considering all LAT 
events that passed the onboard gamma filter. Most of these events have at least a well- 
reconstructed track in the tracker, thus providing a rough direction measurement. The 
corresponding PSF was found to be much worse than for the TRANSIENT class, with a 68% 
containment radius of ~20°, ~13° and ~7° at 20 MeV, 50 MeV and 100 MeV, respectively. 
However, applying an additional spatial selection based on the 68% containment angles for 
this PSF reduced the background from ~300 Hz to ~16 Hz. The background-subtracted 
light curve obtained with this loosened event selection is shown in the third panel of Fig. [TJ 
and the time history of its cumulative significance is reported in Fig. [2j 



3. GBM and LAT joint spectral analysis 

Simultaneous spectral fits of the GBM and LAT data were performed for each of the 
three time bins (a to c) shown in Fig. [TJ The selected boundaries reflect the time characteris- 
tics of GBM features and LAT photons. The first time bin (a) starts 256 ms before the GBM 
trigger time in order to include the first LAT (447 MeV) event, and lasts up to To+3.072 s. 
The central time bin (b) starts at To+3.072 s up to To+12.672 s, i.e. until the end of the main 
LAT emission. The last bin (c) starts at To+12.672 s and ends at To+37.504 s, covering the 
tail of the LAT and GBM emission. The 15 total events selected in the LAT are displayed 
in the last panel of Fig. [TJ As in section 12.2.11 we used a spectroscopic threshold of 100 MeV 
to avoid any spurious result due to systematic uncertainties in the LAT IRFs. The spectral 
analysis was performed with the software package RMFIT (version 3.1), using binned GBM 
TTE data and selected LAT FRONT and B ACK events (se e deta ils in kbdoet aDl2009bh . 
Instead of a x 2 , we used the Castor C-statistic lDorman et al.l (120031 ) to simultaneously fit the 
combined data sets due to the small n umber o f even ts at the highest energies. The Castor 
statistic is similar to the Cash statistic ICash I (11979 ). except for an offset which is constant 
for a particular data set. 

All time-resolved count sp ectra are we ll fit b y a Band function, which consists of two 
smoothly-connected power laws lBand et al.l (119931 ). Fig. [3] displays the time-averaged count 
spectrum, which spans five decades in energy and is also well reproduced by a Band model. 
The source photon spectral energy distributions are shown in Fig. [4] with their 68% con- 
fidence level contours. The best fit model parameters are reported in Table [TJ with their 
statistical errors along with the energy fluxes in the 20 keV - 2 MeV and 100 MeV - 10 GeV 
energy bands. The systematic errors on these parameters are essentia l ly dom inated by the 
uncertainty on the effective areas of the instruments. In lAbdo et al.l (J2009bf ). we found a 
±15% systematic uncertainty on the amplitude A, ±0.03 for the spectral slopes a and (3, 
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and ±8 keV for the peak energy Speak- For GRB 090217A, these uncertainties are negligible 
for /3 and Speak? while they are comparable to the statistical errors for a and dominant for 
A. 

Whereas the time evolution of the amplitude and Speak shows the same trend as the 
overall intensity of the burst, as observed from Fig. (TJ the low-energy slope (a) becomes 
gradually softer and the high-energy slope (/?) remains constant within the quoted errors. 
In particular, the apparent hardening of j3 between time bins (b) and (c) is not significant 
(~1.5 a). The hardness ratio between the low- and high-energy fluxes is also found to be 
constant, with a mean value of 0.026 ± 0.011 for the time-averaged spectrum. 



4. Comparison to the LAT detected GRB 080825C and GRB 080916C 

GRB 0902 17A does not exhibit any noticeable spectral feature, other than the common 
Band spectral shape, similar to the first two long bursts detected by the LAT, GRB 080825C 
and GRB 080916C. In all three bursts, no significant excess in the form of an additional spec- 
tral component, or a deficit in the form of a spectral cut off, was found in the LAT energy 
range with respect to the extrapolation of the Band spectrum from lower energies. In combi- 
nation with correlated temporal behaviour of the low and high energies, this sug gests that a 
single emission mechanism accounts for the radiation across all energy bands. In lAbdo et al. 



(120 lOl ). we estimated the fluence ratio of the 100 MeV - 10 GeV energy band to the 20 keV 
- 2 MeV energy band to be -7% for GRB 080825C and -30% for GRB 080916C. The ratio 
of ~3% found for GRB 090217A places this burst in a similar range as GRB 080825C. 

Beyond these obvious similarities, GRB 090217A does not share several of the high- 
energy properties observed in the other two bursts. First of all, the onset of the high-energy 
emission of GRB 090217A is not much delayed with respect to the ~100 keV radiation, and 
a continuous increase of the high-energy flux is observed at early times, as shown in Figs. [1] 
and[2J Fig. [2] also shows the time history of the cumulative significance for GRB 080916C 
and GRB 080825C. In spite of its brightness, GRB 080916C is not detected within the first 
~2 seconds, and then exhibits a very sharp rise between 3 s and 5 s. Given the poor photon 
statistics from the TRANSIENT event selection, we could not confirm the presence of a lag 
in the case of GRB 080825C (with a 3.4% chance probability), and simply noted that the 
first events r ecorded by the LAT from this burst were coincident with the second GBM peak 



Abdo et al.l (l2009bl ). The light curve obtained with a loosened event selection confirms the 
absence of any excess at early times with a higher significance. GRB 080825C is significantly 
detected (>5 a) only after ~4 s, with the bulk of its emission slowly accumulating up to 
9 a within the next ~25 seconds. GRB 090217A has a smoother evolution and the delayed 
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onset of its emission in the LAT energy band is much less marked. It is marginally seen from 
the first instants and significantly detected after only ~3 s. It reaches its maximum between 
10 s and 15 s and does not last longer than the low-energy emission. This is the opposite 
to what was observed for the other two bursts: GRB 080916C showed evidence for a long 
lasting LAT emission up to 1.4 ks, while GRB 080825C emission lasted somewhat longer in 
the LAT (up to T +35 s) than in the GBM (with a r 3 n =27s), with the hig hest energy photon 



arriving when the GBM emission was very weak. In lAbdo et al.l ( 12009bl ). we discussed the 
latter result as a possible detection of a separate and harder component showing up at late 
times. Finally, no strong spectral evolution was observed in GRB 090217A especially at the 
highest energies, unlike GRB 0809 16C which underwent a strong soft-hard-soft evolution. 



5. Discussion and Conclusions 

While other long LAT-detected bursts such as GRB 080825C and GRB 080916C exhibit 
a high-energy spectral variability associated to a delayed onset of the LAT emission along 
with a temporally extended emission, GRB 090217A is a firmly LAT-detected burst with 
featureless high-energy properties. The similarity of the temporal history of its gamma-ray 
emission over five decades in energy and the agreement, within the observational errors, be- 
tween measured spectra with the Band model suggest that a single mechanism is responsible 
for the observed broad-band emission. 

As in the case of GRB 080916C, a simple leptonic mechanism appears to be the most 
straightforward choice to reprodu ce the observed emission, e.g. synchrotron emission or 



jitter radiation iMedvedev I (120001 ). The l ow-energy spectral s lope of all three time bins is 



compatible with a synchrotron mechanism iPreece et al.l (119981 ). and the mild soft to hard to 



soft variation of E'peak could be due to episodes of different shell collisions leading to shocks 
with different parameters. More complicated scenarios are possible but not required by the 
present observations. Observations of more, and brighter, GRBs with both GBM and LAT 
in the near future will certainly help to assess what fraction of high-energy emitting bursts 
share similar properties, and to clarify the dominant emission mechanisms as well as the 
particle acceleration and cooling processes occurring in GRB jets. 
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Table 1: Time-resolved and time-averaged spectral analysis results for GRB 0902 17A. Band 
function best fit parameters are provided for all spectra. The amplitude A of the Band 
function is given in units of 10" 3 7 cm~ 2 s _1 keV -1 , its peak energy £p ea k m keV. Energy 
fluxes are given in 10 -8 erg cm -2 s -1 , in the energy ranges from 20 keV to 2 MeV for the 
GBM and from 100 MeV to 10 GeV for the LAT. 
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Fig. 1.— Light curves for GRB 0902 17A observed by the GBM and the LAT, from lowest to 
highest energies. The top three panels are background subtracted. The first panel shows the 
sum of the counts of the three Nal detectors (N6, N8 and N9) with the highest signal in the 
8-260 keV band. The second panel shows the sum of both BGO detector counts, between 
260 keV and 5 MeV. The LAT light curve shown in the third panel has been generated using 
events which passed the onboard gamma filter, with a direction compatible with the final 
LAT position (see text). The binning is 0.5 s, while it is 0.2 s in the other panels. The 
last two panels have been generated from the LAT events which passed the TRANSIENT 
event selection above 50 MeV and 100 MeV, respectively. The events were selected within 
a ROI centered on the final LAT position, with a size decreasing with energy following the 
PSF energy dependence (see text). Black dots, along with their error bars (uncertainty in 
the LAT energy measurement) represent the 1-er energy range (right y-axis) for each LAT 
event in the last panel. The vertical dash-dotted lines indicate the time bins used in the 
time-resolved sDectral analvsis. 
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Fig. 2. — Time history of the cumulative significance of the LAT emission for GRB 090217A, 
using the loosened selection and the event selection above 50 MeV shown in the third and 
fourth panels in Fig. [TJ Similar curves for GRB 080825C and GRB 080916C are superim- 
posed. 
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Fig. 3. — Time-averaged (T — 0.26 s to T + 37.50 s) count spectrum of GRB 090217A of the 
GBM (Nal and BGO) and LAT data. The spectrum is well fit by a Band function spanning 
five decades in energy. The LAT data has been separated into FRONT and BACK data sets 
(see text). 
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Fig. 4. — The spectral energy distributions for the Band models found in time bins (a) to 
(c) are shown in thick solid lines which reach up to the largest detected photon energy in 
each time bin, while the corresponding (same color) thin dashed lines represent the 68% 
confidence level contours for each fit. 



